Intestinal lymphangiectasia is a disease characterized by dilated intestinal lymphatics, protein-losing enteropathy, hypoalbuminemia, and edema. The immunologic status of 18 patients with intestinal lymphangiectasia was studied. Concentrations of IgG, IgA, and IgM were measured by immune precipitation and metabolism of these three immunoglobulins was studied using purified radioiodinated proteins. The serum concentration and total body pool of each immunoglobin were greatly reduced. The fraction of the intravascular protein pool catabolized per day was increased to 34% for IgG, 59% for IgA, and 66% for IgM; these are in contrast with control values of 7%, 28%, and 17%, respectively. Synthetic rates of the immunoglobulins were normal or slightly increased.
Introduction
in the complex group of hypogammaglobulinemias, Immunologic deficiency may take a variety of in which case circulating antibody response to antiforms. It may be manifest as a defect in the syn-genic challenge is greatly reduced (1) . Alterna thesis of one or more serum immunoglobulins as tively, it may be seen as an abnormality in cellular or delayed hypersensitivity as in Hodgkin's layed skin reactions to certain antigens and to reject homografts (allografts) is impaired (2, 3) . We now characterize an immune deficiency state associated with the disease, intestinal lymphangiectasia. Intestinal lymphangiectasia is a chronic disorder of lymphatics associated with severe protein-losing gastroenteropathy (4) . Patients with this disorder have marked hypoproteinemia and severe, often asymmetrical, edema. Gastrointestinal symptoms are usually mild. Malabsorption of fat may occur, but is usually not severe. The hallmark morphological lesion of this disease is dilated lymphatic channels of the small bowel ( Fig. 1) ; peripheral lymphatic abnormalities may also be demonstrated by lymphangiography. These structural lymphatic abnormalities occur as congenital malformations or as acquired defects.
In this study, patients with intestinal lymphangiectasia were found to have low serum immunoglobulin levels secondary to increased fractional catabolic rates for these proteins. The increased catabolism was attributable to excessive loss of serum proteins into the gastrointestinal lumen. A considerable antibody response was observed after antigenic challenge, but this response was slightly less than that observed in normal individuals. A very severe peripheral lymphocytopenia was regularly seen and this was associated with greatly decreased skin reactivity to certain antigens. Most striking was the fact that these patients accepted skin grafts from unrelated donors.
Methods

Patients
Data obtained from 18 patients with intestinal lymphangiectasia are included in Table I . The subjects ranged in age from 4 months to 79 yr; the average duration of disease was 11 yr. Each patient was shown to have dilated subepithelial lymphatic channels by peroral small bowel biopsy or lapartomy. Edema and hypoproteinemia were present in each case. The mean total serum protein concentration was 3.8 g/100 ml (range: 2.5-5.5 g/ 100 ml) and the mean serum albumin concentration was 1.8 g/100 ml (range: 0.8-3.4 g/100 ml). Each patient had a markedly shortened albumin survival and a normal albumin synthetic rate as demonstrated by iodinated albumin turnover studies. Each of the patients had either abnormally high 4 day polyvinylpyrrolidone-"I gastrointestinal excretion (mean of 9.3% of injected dose vs. < 1.5% of injected dose in controls) or high 4 day albumin-"Cr excretion (mean of 12.8%o of injected dose vs. < 0.75%o of injected dose in controls). These findings indicated that the hypoproteinemia and shortened plasma protein survival were due to excessive gastroeintestinal protein loss (5, 6) .
The patients were clinically stable during the periods of study; they were free of infection, were afebrile, and maintained constant weight. Drug therapy was limited to diuretics. Tests of liver and renal function were normal and the patients did not have proteinuria. There were no concomitant illnesses except for pulmonary emphysema in patient J. T., and diabetes mellitus in patient I. S.
Seruin immunoglobulin quantitationc
Serum immunoglobulin concentrations were determined by radial immunodiffusion (7, 8) . Samples were allowed to diffuse from wells made in agar impregnated with specific antiserum.1 The diameter of the precipitin ring Purification of immunoglobulins (a) IgG. IgG was prepared from normal sera by DEAE cellulose chromatography by modification of a technique previously described (9) . Sterile serum samples obtained immediately before fractionation were dialyzed against 0.005 M potassium phosphate buffer, pH 8.0. 2-3 ml of dialyzed serum was applied to a 1 X 25 cm column containing DEAE cellulose equilibrated with the phosphate buffer. The first peak eluted from this column with this buffer contained only IgG as shown with H chain-specific antisera.
(b) IgM. IgM was obtained by block electrophoresis followed by gel filtration, as previously described (10) . Serum 'Pevikon, Superfosfat, Fabrika, Aktiebolog, Stockholm, Sweden. 5 Sephadex, Pharmacia Fine Chemicals, Inc., New York, N. Y. preparations was ultimately used for turnover study. Each of these preparations were analyzed by radioimmunoelectrophoresis and with radial immunodiffusion quantitation: preparation A contained 90% IgA and 10% transferrin; preparation B contained 85% IgA and 15% IgG.
Iodination of purified proteins.
Iodination of each of the above preparations was performed with either 1'1I or 'I by the iodine monochloride technique of McFarlane (11) . All preparations were calculated to have an average of less than one atom of iodine per molecule of protein in the final product. The final product contained less than 1% nonprecipitable radioactivity. Normal human albumin was added to each preparation to prevent damage to the protein by irradiation.
Protocol for turnover studies
Each patient was admitted to the National Cancer Institute during the study period. 10 drops of Lugol's solution were administered 3 times daily throughout the study period to prevent thyroidal uptake of the released isotope. Serum immunoglobulin concentrations were obtained at intervals throughout the study period to verify that each patient was in a steady state. Turnover studies of the protein preparations were done either simultaneously or sequentially. From 10 to 50 utc of the iodinated proteins was administered intravenously from a calibrated syringe, and serum samples were obtained 10 min after administration, and daily thereafter. Stool and urine specimens were collected in 24-hr lots. Serum and urine samples were counted with appropriate standards to within ± 3% counting error in an automatic gamma-ray well-type scintillation counter with a thallium-activated sodium iodide crystal. When two isotopes were studied simultaneously, they were differentiated with a pulse height analyzer.
Calculation of the metabolic data
The turnovers of the iodinated proteins were analyzed according to a modification of the methods of Berson, Yalow, Schreiber, and Post (12) , and Pearson, Veall, and Vetter (13) . The calculations are summarized as follows: plasma volume (ml/kg) = radioactivity administered/(radioactivity per milliliter plasma at 10 min X body weight); radioactivity retained in the body = radioactivity administeredcumulative excreted radioactivity.
Time plots of the plasma radioactivity and the radioactivity retained in the body were constructed on semilogarithmic graph paper, and the survival half-times of the labeled proteins were determined graphically. The fraction of the body protein remaining in the intravascular space = (plasma volume X plasma radioactivity per milliliter) /radioactivity retained in the body; this fraction was determined after equilibration of the labeled protein among the body compartments. Total circulating protein = plasma volume X plasma concentration of the protein. Total exchangeable pool of the protein = total circulating protein/fraction of the protein in the intravascular space. Fraction of the circulating protein catabolized per day = radioactivity excreted in each 24-hr period/mean circulating radioactivity during the same period. This fraction was determined for each day, and the mean value for days 3-15 was taken as the fractional catabolic rate. Absolute catabolic rates (turnover rates) = the total circulating protein X fraction of circulating protein catabolized per day.
Since the concentration of each of the plasma proteins studied remained constant throughout the period of study, the patients were assumed to be in a steady state as far as protein metabolism was concerned, and the synthetic rates for the proteins were considered to be equal to the turnover rates.
Lymphocyte levels
Blood lymphocyte levels were determined for 18 patients with intestinal lymphangiectasia and 50 young adult controls. Lymphocyte counts were computed from the products of the total venous white blood counts and differential counts. Each reported count represents the mean of from 2 to 10 determinations.
Antibody stimulation studies
The ability to produce antibodies in response to specific antigens was determined in five patients with intestinal lymphangiectasia and 14 normal control subjects (mean age 25). The antigens used were (a) Vi antigen (Vi), a polysaccharide isolated from 5396/38 strain of E. coli (14, 15) , and (b) Foshay tularemia vaccine, the cell wall of Pasteurella tularensis (16) . These antigens were chosen since prior exposure was unlikely, and measured antibody responses were therefore primary in nature. 100 ,ug of Vi and 1 ml of Foshay vaccine were given intramuscularly to each patient. Antibody titers were determined on specimens drawn at weekly intervals for 4 wk after injections. Titers were done concomitantly on all samples using antigen-coated red cells in a hemagglutination titration method (17, 18) . The highest dilution giving a 2 + agglutination reaction was taken as the end point of the assay.
Skin tests
Purified protein derivative (PPD),ff Trichophyton,7 Candida albicans, 7 and mumps 8 antigens were obtained from commercial sources and injected intradermally into the forearm of both patients with intestinal lymphangiectasia and normal volunteer control subjects. Reactions were considered positive if at least 1 cm of induration occurred at the test site at 48 hr. Dinitrochlorobenzene (DNCB) skin test (19) sensitization was performed by applying 2000 ,ug of DNCB in acetone on a midforearm site; 100 ,/g DNCB was applied concomitantly to serve as a presensitizing dose control.
The initial 2000 ltg dose caused a vesicant reaction in all 6 Parke, Davis & Co., Detroit, Mich. 7 Hollister-Stier Laboratories, Inc., Yeadon, Pa. subjects. 2 wk after sensitization, a 100 Ag challenge dose was applied. A positive reaction was said to occur if at least 1 cm of induration was present 48 hr after application and was significantly greater than the initial 100 ug dose reaction.
Skin grafts
The skin grafts were obtained from nonrelated, healthy donors by taking an 8 mm punch biopsy from the interscapular area. No information is available as to the white cell grouping of donors or recipients. The skin was then placed on empty punch biopsy sites of the recipient, usually on the upper medial arm region. The grafts were held in place with bandages and carefully observed over a prolonged period of time. Photographs of the grafts were taken at appropriate intervals.
Results
Immunoglobulin levels. Serum concentrations of the three major classes of immunoglobulins of 12 patients with intestinal lymphangiectasia are shown in the scattergrams of 1.15 ± 0.32 mg/ml compared to 2.61 ± 1.07 mg/ There was a marked increase in the IgG fracml in controls; and mean IgM levels were 0.76 ± tional catabolic rate (i.e. decreased half-life) in 0.26 mg/ml compared to 1.45 ± 0.68 mg/ml in patients with intestinal lymphangiectasia with a control subjects. These reductions, while most mean of 33.9 ± 17.7% of the intravascular pool marked in the IgG group, are statistically significatabolized per day as compared to 6.7 + 1.5% in cant for all the major immunoglobulin categories normal control subjects. The IgG synthetic rates (P = < 0.001 using Student's t test).
were normal or slightly elevated in the intestinal Immunoglobulin metabolism. To determine the lymphangiectasia patients. cause of the reduced serum immunoglobulin con-IgM and IgA turnover studies were done in centrations, we performed metabolic turnover three patients ( Fig. 3 , Table III ). The results studies using purified radioiodinated proteins. were comparable to those described above for IgG The turnover of intravenously administered, radio-wherein the circulating and total body pools of the iodinated IgG was studied in five patients (Fig. 3 , immunoglobulins were decreased in the patients Table II ). Total circulating IgG and total ex-with intestinal lymphangiectasia. Their mean total changeable IgG were greatly reduced: 145 and exchangeable IgM was 15.4 mg/kg as compared to 416 mg/kg compared to 494 and 1090 mg/kg in 66 mg/kg in controls, and the mean total excontrols, respectively. Thus, the low serum levels changeable IgA was 111 mg/kg as compared to were not due either to dilution in an increased 234 mg/kg in controls. The fractional catabolic plasma pool or to abnormal distribution among rates were increased in the patients, whereas the body compartments. rates of IgM and IgA synthesis were normal. The mean fractional catabolic rates of IgM were 66.4%o of the intravascular pool as compared to 17%7o in controls. Fractional catabolic rates of IgA averaged 58.97o in the patients as compared to 28.3%o in controls. It is clear, therefore, that the reduced serum concentrations of IgG, IgA, and IgM in patients with intestinal lymphangiectasia were secondary to shortened survival of these proteins. Antibody stimulation studies. Five patients and 14 controls were challenged with Vi and tularemia antigens. Hemagglutination titers at 2 wk were determined and are plotted in Fig. 4 . The patients with intestinal lymphangiectasia were able to produce humoral antibody, although the anti-Vi titers were somewhat lower than those of the control group. Statistical analysis of these data on the basis of rank order testing indicates that the difference in titers is significant at the 5%o confidence level for the Vi antigen, but not for the tularemia antigen. Thus, patients with intestinal lymphangiectasia are capable of humoral antibody responses, but peak titers may not be as high as in a control group.
Lymphocyte levels. Peripheral lymphocyte counts in patients with intestinal lymphangiectasia were compared with an age-matched control group (Fig. 5 ). The mean lymphocyte count of 42 normal individuals was 2500 + 600/mm3, whereas that of the 18 intestinal lymphangiectasia patients was 710 + 340/mm3. These differences are statistically significant (P < 0.001).
To gain insight into the cause of the lymphocytopenia, we determined the lymphocyte levels of patients with other forms of protein-losing gastroenteropathy. Low lymphocyte levels were found in patients with protein-losing gastroenteropathy associated with Whipple's disease, constrictive pericarditis, and regional enteritis (Fig. 5 ). Normal levels were found in patients with protein-losing gastroenteropathies associated with sprue, allergic enteropathy, and hypogammaglobulinemia. Interestingly, the intestinal lymphatics in each of the lymphocytopenic gastroenteropathies can be dilated just as in intestinal lymphangiectasia, but nonlymphocytopenic gastroenteropathies are not associated with this histological finding. This suggests that the occurrence of lymphocytopenia is secondary to structural lymphatic abnormalities of the gastrointestinal tract. in all cases, intestinal lymphangiectasia patients tested with these antigens gave negative responses. In the case of Candida albicans antigen, 8 of 21 normals were positive as compared to 2 of 8 patients with intestinal lymphangiectasia. One of the two patients with intestinal lymphangiectasia that had a positive response had the highest lymphocyte level of the group, 1400 lymphocytes/mm3. In total, 91%o of the normal individuals had a positive response to at least one skin antigen, as compared to 17%o of patients with intestinal lymphangiectasia. DNCB skin tests performed on three patients were negative. 90%o of normal individuals gave positive responses to this test as it was performed here (19) .
Evaluation of cellular immunity-skin grafts. Sets of three skin grafts, consisting of 8 mm punch biopsy, full thickness skin sections, were trans- planted. There has been no evidence of rejection after 6 and 12 months. The survival of the transplanted tissue was judged by the persistence of pigmentation differences between donor and recipient, the persistence of small skin tattoos placed in the dermis of the graft, and the absence of the inflammation usually associated with rejection. In two instances, one of the grafts was removed and examined histologically, the grafts contained normal-appearing skin without lymphocytic infiltration. Clinical evaluation of patients with intestinal lymphangiectasia. The case records of 18 patients with intestinal lymphangiectasia were carefully reviewed for incidence of infection. Two of the six patients under 10 yr of age died at 7 and 9 yr after prolonged periods of severe debilitation; during these periods infections were frequent. One of the patients had furunculosis, cellulitis of the abdominal wall, and terminal (A. aerogenes) peritonitis. The other patient had three episodes of furunculosis, one episode of pneumonitis, one episode of otitis media, and one urinary tract infection. The other four patients under 10 yr of age did not have an increased incidence of infection. In the older age group (over 16 yr of age) only two of the 12 patients studied have had more infections than one might expect. These infections were predominantly respiratory and never required hospitalization. None of the 18 patients had significant fungal infection or tuberculosis. Thus, infection has been marked in only two of the 18 patients with intestinal lymphangiectasis, despite the fact that the patients had significant disorders of delayed hypersensitivity.
Discussion
The patients with intestinal lymphangiectasia had reduced serum concentrations of each class of immunoglobulin, but were able to synthesize antibodies to antigenic challenge in a nearly normal fashion. They had lymphocytopenia, skin anergy, and a striking failure to reject skin homografts (Table IV) . These diverse immunologic disorders may be due to a primary disorder of intestinal lymphatics with chronic loss of both immunoglobulins and lymphocytes into the gastrointestinal tract.
The reductions in immunoglobulin concentration were associated with normal synthetic rates and increased fractional catabolic rates (i.e. shortened immunoglobulin survivals). The increased fractional catabolic rates were presumably due to excessive loss of immunoglobulins into the gastrointestinal tract since these patients with intestinal lymphangiectasia were shown with albumin-51Cr and ceruloplasmin-67Cu to lose from 5 to 50% of their intravenous protein pool into the gastroinestinal tract daily as compared with 0.5-2.0%o in control subjects (20, 21) . In spite of the reduced serum immunoglobulin levels, synthetic rates were not compensatorily increased. Thus, in these studies as well as in others (22, 23) , synthetic rates of immunoglobulins do not appear to be stimulated by low immunoglobulin concentrations.
The excess catabolism, i.e. the fraction of the intravascular pool catabolized per day above normal, was of the same order of magnitude for all three immunoglobulins. This is most consistent with the concept that serum or a fluid closely related to serum, such as lymph, was lost in bulk fashion into the gastrointestinal tract without relation in the molecular size of the proteins. The pattern of plasma protein loss in intestinal lymphangiectasia is in contrast to that seen in the nephrotic syndrome in which a selective loss of proteins into the urine occurs based on the sieving property of the glomerular basement membrane (23) . In nephrosis, the excess fractional catabolism for various proteins is unequal and that of IgG is markedly greater than that of IgM.9
Patients with intestinal lymphangiectasia and nephrosis illustrate that the concentration of the serum proteins, including the immunoglobulins, can be decreased because of shortened protein survival. This is in contrast to the more widely known immunoglobulin deficency states in which synthetic defects are the major lesion (1, 10) . In these cases, however, excessive loss of protein through the gastrointestinal tract may develop secondarily without associated intestinal lymphatic abnormalities (22) . Myotonic dystrophy is another example of an immunoglobulin deficiency state due to shortened protein survival; here the lesion is increased endogenous catabolism specific for IgG, and no excessive loss occurs (24) .
The difference between hyposynthetic hypogammaglobulinemias and hypogammaglobulinemias due to shortened protein survival is reflected in the response to antigenic challenge. Patients with hyposynthetic hypogammaglobulinemia have markedly impaired ability to make antibodies (1), whereas patients with intestinal lymphangiectasia have very considerable antibody responses which indicate normal immunoglobulin synthetic mechanisms. The observation that titers achieved may be lower than those of normal controls could be due in part to the more rapid rate of catabolism of synthesized antibodies or, as discussed below, they may be lower because of the lymphocytopenia.
Moderate-to-marked lymphocytopenia was seen in the patients with intestinal lymphangiectasia. In addition, a number of the patients also had a reduction in the number of lymphocytes present in the submucosa of the appendix and in lymph nodes. Several related observations suggest that the lymphocytopenia noted in patients with intestinal lymphangiectasia is due to loss of lymphocytes into the gastrointestinal tract. (a) All the gastroenteropathies associated with lymplhocytopenia (Whipple's disease, regional enteritis, and constrictive pericarditis) have histologically demonstrable intestinal lymphatic abnormalities with dilated intestinal lymphatics or evidence of intestinal lymphatic obstruction (25) (26) (27) . The nonlymphocytopenic protein-losing gastroenteropathies are not associated with intestinal lymphatic abnormalities (28) (29) (30) . (b) In the lymphocytopenic gastroenteropathies that are reversible, the lymphocytopenia is also reversible; thus, there was a remission of the hypoproteinemia and lymphocytopenia in patients with constrictive pericarditis10 (31), Whipple's disease (26) , or intestinal lymphangiectasia after appropriate medical or surgical therapy. (c) Finally, and most significantly, lymphatic fluid has been shown to leak directly into the bowel lumen in some patients with intestinal lymphangiectasia, i.e. chyle has been aspirated directly from the duodenum in some cases (32, 33) , and radiopaque lymphangiogram dye entered the bowel lumen after injection into the lymphatics of the foot in other cases (32, 34) . All these facts suggest that lymphocyte-rich lymph fluid is lost into the gastrointestinal tract, and this, in turn, results from the underlying intestinal lymphatic abnormality. Thus, the same mechanism implicated in the loss of immunoglobulins would seem to be the basis of the lymphocytopenia.
The most striking immunological defects in patients with intestinal lymphangiectasia are the decreased delayed skin reactivity to certain antigens and the long-term acceptance of skin homografts. These phenomena are best explained by the observed lymphocyte depletion, since the lymphocyte has been shown to play a major role in delayed hypersensitivity. In this connection, delayed hypersensitivity (including homograft sensitivity) may be transferred with lymphoid cells (35) (36) (37) , but not with serum, even if serum contains high concentrations of cytotoxic antibody (38, 39) . In addition, homografts placed in cell-impermeable chambers are generally not destroyed in recipients even if the recipient has been sensitized to the homograft previously. Since humoral factors, but not cells, may freely enter the chamber, these experiments show that direct cellular contact of sensitized lymphoid tissue and foreign cells are necessary for rejection (40, 41) .
The importance of lymphocytes in delayed hypersensitivity is also demonstrable in experimentally induced lymphocytopenia. Thus, anergy and lymphocytopenia are associated in certain rodents after neonatal thymectomy (42, 43) , in ani-mals receiving antilymphocyte antisera (44) , in patients with Swiss-type agammaglobulinemia (45, 46) , and in animals and man after artificial thoracic duct drainage (47, 48) .
Of the various lymphocyte depletion states, patients with intestinal lymphangiectasia appear to be most analogous to animals with artificial thoracic duct drainage. In both conditions, lymphocytopenia, hypogammaglobulinemia, and severe impairment of homograft immunity are evident (47) (48) (49) . However, patients with intestinal lymphangiectasia may have normal antibody responses, whereas animals and man with artificial thoracic duct drainage have profound depression in antibody production to primary antigenic challenge (48, 49) . The difference may be that lymph drainage is more complete and the lymphocytopenia more marked in the artificial drainage experiments than in the patients, or it may be related to the different doses and types of stimulating antigens used in the studies. Thus, patients with intestinal lymphangiectasia may retain enough lymphocytes to form antibodies, but not enough to mount a graft rejection phenomenon. The ability to produce some antibodies to certain antigens is retained in lymphocytopenic and anergic states other than intestinal lymphangiectasia, such as the thymectomized rodent (50), animals receiving antilymphocyte antisera (51), and patients with certain immunologic deficiency diseases (52) .
Although the lymphocytopenia seen in intestinal lymphangiectasia would appear to be an adequate explanation for the anergy observed, alternative or concomitant explanations may be considered. One such explanation is that the immune defect is secondary to an intrinsic abnormality of the lymphocyte itself. In this case, the impaired cellular response seen in intestinal lymphangiectasia would be more analogous to that of Hodgkin's disease, in which decreased delayed skin responses, and defective in vitro lymphocyte transformation, as well as lymphocytopenia, have been observed (2, 3) . Studies of in vitro lymphocyte function of patients with intestinal lymphangiectasia are currently under investigation.
A second explanation for the observed anergy is that the loss of the essential humoral factors, rather than lymphocytes, is the underlying immunologic defect in patients with intestinal lymphangiectasia. This possibility is contrary to the dominant view that delayed hypersensitivity is not mediated or transferred by a circulating humoral factor (38) . Evidence to the contrary is provided by Najarian and Feldman (53) who showed that sensitized cells placed in cell-impermeable, intraperitoneal Millipore chambers had augmented ability to reject homografts; however, similar experiments by Billingham and coworkers (54) could not corroborate these results. In sum, it is reasonable to conclude that while loss of humoral factors may play a supportive or concomitant role in the production of anergy in intestinal lymphangiectasia, the loss of lymphocytes is a sufficient condition for the immunologic defect observed. It is of interest that patients with nonlymphocytopenic gastroenteropathies provide a clinical situation in which plasma proteins, but not lymphocytes, are lost into the gastrointestinal tract; this group of patients may be profitably studied for evidences of immune deficiency. Clinical implications. Patients with protein-losing gastroenteropathy may be classified into lymphocytopenic and nonlymphocytopenic categories. This fact may be useful in the differential diagnosis of gastrointestinal protein loss and in determining the therapy to be used. As to diagnosis, lymphocytopenia is usually not seen in patients with gastrointestinal protein loss secondary to inflammation or ulceration of the gastrointestinal mucosa, as in carcinoma of the bowel or ulcerative colitis. In addition, it is not seen in patients with gastrointestinal allergy or with biochemical defects in the mucosal cells, as in allergic gastroenteropathy or gluten-induced enteropathy. Lymphocytopenia may be expected in patients with disorders of small intestinal lymphatics: intestinal lympangiectasia, cardiac gastroenteropathies, or Whipple's disease. The rate of gastrointestinal protein loss is significantly reduced and lymphocyte level returns toward normal in some of the patients in this latter group when appropriate therapy is instituted. This is seen dramatically in constrictive pericarditis after pericardiectomy, as well as in tricuspid regurgitation after medical recompensation of cardiac failure.10 In addition, several patients with intestinal lymphangiectasia have obtained elevations of serum protein levels (55, 56) as well as lymphocyte counts 11 when on a very low fat or middle chain triglyceride diet.
In view of the skin anergy seen in lymphocytopenic patients, one cannot use delayed hypersensitivity skin tests to rule out tuberculosis or fungal disease. This is well illustrated in patients with constrictive pericarditis, protein-losing enteropathy, and lymphocytopenia, for which a negative skin test may erroneously be used to eliminate the possibility of tuberculosis. We have seen one such case in which surgical cure of the pericardial lesion led to a return to normal of the lymphocyte count and a conversion of a negative to positive tuberculin skin test.
Adults with intestinal lymphangiectasia have profound anergy, yet have few serious infections, in contrast to subjects with Swiss-type agammaglobulinemia (44, 45) . In addition, patients with intestinal lympangiectasia have no increased incidence of fungal disease in contrast to subjects with Hodgkin's lymphoma (1) . That patients with intestinal lymphangiectasia are generally quite healthy, yet have profound anergy, suggests that the production of an internal fistula between the thoracic duct and the gastrointestinal, biliary, or urinary tract might be a valuable adjunct in the production of anergy required for successful organ transplantation in man.
